A modified version of Gutzwiller's periodic orbit theory of semiclassical eigenvalues is presented which eliminates some of the principal shortcomings of the original result.
to multidimensionable non-separable systems has intrigued h . f E" . 2 h f" k t eor1sts or many years.
1nste1n was t e 1rst to rna e significant progress on the problem, and important contri- 3 4 butions have also been made by Keller and Maslov. More recently Gutzwiller, 5 using an analysis based on the semiclassical approximation to the quantum~propagator, made an important advance by showing that the semiclassical quantum condition is intimately related to the periodic classical trajectories, or periodic orbits of the system. The connection between periodic classical trajectories and quantum mechanical eigenvalues is appealing on physically intuitive grounds, but the specific quantum condition obtained by Gutzwiller has a number of d~ficiencies, not the least of which is that it does not give the correct result in the limit that the system becomes separable. This and other shortcomings have been dis-6 cussed by J;>echukas in his approach to constructing a more satisfactory quantum condition.
7
Marcus has also recently made important advances, and his theory, based on phase space manifolds generated by quasi-periodic trajectories, is most closely related -2-to the present work; Section IV discusses this relation in more detail.
This paper pursues the periodic orbit theory of Gutzwiller, 5 but introduces an important modification of the analysis leading to the quantum condition itself. This modification, though simple and fairly obvious (in retrospect), leads to.:a significantly different semiclassical quantum condition which eliminates some of the flagrant deficiencies of the original result. For a system of N-degrees of freedom, for example, the new quantum condition labels the energy levels within N quantum numbers, whereas the original result provided only one quantum number. The new quantum condition, too, gives the correct result in the limit that the system is a set of separable harmonic oscillators;
There is no need to re-do most of Gutzwiller's derivation, 5
but it is worthwhile to recall the way in which periodic orbits arise. The density of states per unit energy, p(E), is defined
and it is clear that this is given quantum mechanically by T(E)
where the stability frequency w(E) is defined by phase approximation is the fundamental semiclassical approximation, and in the classical limit, h ~ 0, it becomes exact.
The sum over n in Eq. (2.13) is a sum over the infinite number of multiple passes about the periodic orbit, and it is the interference of these amplitudes which1leads to quantization. 
Use of the Poisson sum formula, Eq. (2.16), in the same manner then leads to the following quantum condition:
which determines E implicitly in terms of the N quantum numbers {m.}, i = 1,2, ... , N-1, and n. Eq. (2.18) is clearly the two- The relevant periodic trajectory is the one with all the energy E in the x-mode, say, and thus no energy -in the y-mode; it is clear that A, the number of turning points along the periodic trajectory, is then 2. It is easy to show that in this case the action integral
It is also easy to show 13 that the stability frequency w(E) is simply the frequency of they-mode; i.e.,
w(E) (3 .1) (3. 2) With Eqs. -14-
IV. CONCLUDING REMARKS
The analysis presented in Section II eliminates some of the most glaring deficiencies of the periodic orbit approach to semiclassical quantization of non-separable systems. In particular, the new quantum condition characterizes the energy levels of an N-dimensional system by N quantum numbers, and it reduces to the correct result in the limit that the system is N independent harmonic oscillators.
The new quantum condition, however, is not entirely satisfactory. 
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